This work focuses on the application of electrolysis with diamond anodes for the 12 disinfection of urine. To do this, a synthetic human urine was polluted with Escherichia 13 coli and Pseudomonas aeruginosa and then, it was electrolyzed at current densities within 14 the range 0-100 A m -2 . Results show that it is possible to disinfect completely the effluent 15 even at applied electric charges lower than 2 kAh m -3 , regardless the current density 16 applied. This good performance is related to the production of powerful oxidants from 17 the oxidation of the ions present in synthetic urine. Likewise, these species also react with 18 the organics contained in urine (urea, creatinine and uric acid), favoring their degradation. 19
In last decades, electrochemical disinfection has been widely studied for the treatment of 51 drinking water and reclaimed wastewater (secondary effluents coming from Wastewater 52 Treatment Plants, WWTPs) [1] [2] [3] . Specifically, this technology has been proven very 53 efficient for the removal of the Escherichia coli (E. coli) contained in these effluents, 54
because of the electrochemical production of disinfectants from the oxidation of ions 55 naturally contained in water [4] [5] [6] [7] [8] [9] . For this reason, it was not necessary the addition of 56 chemicals to carry out an efficient treatment as occur during conventional disinfection 57 processes and, therefore, the main physical-chemical characteristics of water and 58 wastewater were not significantly altered [10] . 59
One of the keys in electrochemical disinfection is the choice of a suitable electrode that 60 favors the potential production of disinfectant species. In this context, Boron Doped 61 Diamond (BDD) can be considered as an appropriate anode material because it allows to 62 generate large amounts of these species in-situ, favoring the disinfection processes, even 63 at low applied electric charges and current densities [11] [12] [13] [14] [15] . Likewise, these electrodes 64 promote the generation of significant amounts of hydroxyl radicals by means of water 65 oxidation [16] . These species have a high oxidant capacity which may contribute to the 66 disinfection processes. Therefore, the use of BDD anodes does not only favor efficient 67 disinfection processes but also helps to decrease the energy consumption in the 68 disinfection of water and reclaimed wastewater [17] . 69
On the other hand, more recently, the scientific community has begun to focus attention 70 on the disinfection of urine in hospitals and other facilities [18] [19] [20] [21] . An important volume 71 of these urines may present high pathogenicity, associated to different diseases and this 72 is becoming a key point because of the appearance of antibiotic-resistant bacteria. In this 73 context, the World Health Organization (WHO) has recently reported a priority list of 74 As it can be observed, the concentration of both microorganisms remains constant during 170 the reference test (process without electric power). These results reveal that the complex 171 matrix of synthetic urine (inorganic and organic compounds) does not affect to E. coli 172 and P. aeruginosa concentration within the experimental period evaluated. On the 173 contrary, it is possible to attain a complete disinfection of the urine for all the tests carried 174 out applying current densities within the range 5-100 A m -2 . Nonetheless, the process is 175 clearly influenced by this parameter and the initial bacteria concentration. In this context, 176 the removal rate of both microorganisms increases when working at current densities 177 higher than 50 A m -2 . Opposite to that, if results are plotted against the electric charge 178 (onset), it can be seen that the disinfection efficiency increases when the current density 179 decreases. Specifically, the highest efficiency is achieved at 5 A m -2 for both E. coli and 180 P. aeruginosa removal. This is an expected behavior in electrochemical processes which 181 are typically more efficient at lower current densities because of the prevention of side 182 reactions at these softer operation conditions [26] . 183
On the other hand, it is important to point out that the removal of E. coli is faster than that 184 obtained for P. aeruginosa, despite the concentration of the first one is higher. 185
Specifically, E. coli is depleted before 60 minutes for all the current densities studied 186 whereas P. aeruginosa requires operation times higher than 60 minutes to achieve a 187 complete removal. This fact may be directly related to the higher initial concentration of 188 E. coli present in the urine. Likewise, P. aeruginosa could give more resistance to the 189 electrochemical treatment due to its characteristics since it is important to highlight that 190 this bacterium is considered as antibiotic-resistant bacteria. 191
For comparison purposes, the results obtained for both microorganisms were fitted to first 192 order kinetics and the resulting constants (k) are presented in (1)- (3) These compounds can significantly contribute to the removal of the pathogens contained 225 in urine. Figure 2 shows the oxidants electrogenerated at the end of the electrochemical 226 disinfection of synthetic urine as function of the applied current density. 227
As it can be observed, the concentration of oxidants increases with the applied current 228 density. This behavior may be directly related to the higher removal rate of 229 microorganisms when working at higher current densities (Figure 1) . Hence, the higher 230 the concentration of oxidants produced, the higher is the removal rate of microorganisms. 231
On the other hand, it is important to point out that the cocktail of oxidants 232 electrogenerated during the treatment of synthetic urine leads to a more efficient 233 disinfection process than that observed, for example, during the disinfection of secondary 234 effluents from Wastewater Treatment Plants (WWTP) [14] . In that case, the disinfection 235 is mainly produced by the generation of chlorine disinfectants because of chloride is the 236 primary ion contained in those effluents whereas the concentration of others such as 237 phosphate, or sulfate is negligible. Therefore, the presence of other ions in urine and, The evolution of chlorine compounds in higher oxidation state than hypochlorite is 274 presented in Figure 3b , specifically, the concentration of chlorate. At this point it is 275 important to highlight that the presence of perchlorate was not detected for all the tests 276 carried out. This fact can be explained in terms of the low current densities used in this 277 work in comparison to those required for the electrochemical production of perchlorates 278 with diamond anodes [36] . 279
As it can be seen, the concentration of chlorate increases with the applied electric charge, 280 being significantly influenced by the current density: the higher current density, the 281 higher concentration of chlorate. This result indicates that the production of this 282 2 ) mmol Cl dm -3 whereas 0.151 and 0.579 mmol Cl dm -3 were obtained when working at 285 50 and 100 A m -2 , respectively. These latter data (high current densities) are more 286 negative due to their high concentrations (> 0.1 mmol Cl dm -3 ) and could limit the 287 application of electrolysis with diamond anodes for the disinfection of hospital effluents. 288
Nonetheless, the applied electric charge required to attain these values are higher than 289 those necessary to completely disinfect the effluent and, hence, the potential production 290 of these hazardous chlorine compounds could be avoided. 291
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The second process that could explain the decrease observed in hypochlorite 292 concentration is its reaction with other compounds present in the effluent. In this context, 293 urine matrix contains different organics which are susceptible to react with hypochlorite 294 and with other electrogenerated oxidants. For this reason, the concentration of urine-295 organic-compounds was monitored during the process. It is important to pay attention to 296 the evolution of these compounds not only for their possible reaction with hypochlorite 297 but also because, as organics, it is necessary to decrease their concentration in the 298 effluents. Thus, Figure 4 shows the concentration of urea, creatinine and uric acid with 299 the applied electric charge during the electrolysis of synthetic urine with diamond anodes. 300
As it can be observed, the concentration of organics decreases with the applied electric 301 charge for all the current densities studied. However, as previously commented on 302 disinfection (Figure 1 ), the process efficiency is higher when working at low current 303 densities [26] . On the other hand, the removal rate is higher in uric acid followed by 304 creatinine and, finally, urea. Nonetheless, the trend observed for the other current densities suggests that a complete 319 removal of this organic would be attained. Likewise, the same behavior can be observed 320 in the evolution of creatinine for all the current densities studied (Figure 4b) . Finally, the 321 urea concentration seems to require higher electric charges to attain a noteworthy 322 decrease at these current densities (5-100 A m -2 ) due to its higher concentration in 323 synthetic urine. Specifically, the maximum removal rate was 20.2, 26.2, 21.8 and 44.40 324 % for 5, 10, 50 and 100 A m -2 , respectively (Figure 4a ). 325
The organics present in synthetic urine contains nitrogen atoms in their structure which 326 can be released during the electrolysis. In the literature, it has been described that nitrogen 327 from organics is initially oxidized to nitrite [Eq. (10) Figure 5 shows the concentration of inorganic nitrogen compounds with the applied 340 electric charge during the electrochemical disinfection of synthetic urine at different 341 current densities. As it can be observed, the concentration of nitrates increases for all the 342 current densities (Figure 5a) . However, the values obtained are not very high and, it is 343 necessary to apply 100 A m -2 to attain concentrations higher than 0.1 mmol N dm -3 . These 344 results agree the previous obtained in the evolution of urine organic compounds (Figure  345 4) where the maximum current density led to the higher removal of urea, creatinine and 346 uric acid and, hence, the maximum release of inorganic nitrogen. 347
On the other hand, the low nitrate concentration can also be related to its evolution to 348 ammonium on the cathode surface (electro-reduction). Hypochlorite is well known to react with ammonium, favoring the production of 363 combined chlorine commonly called chloramines [Eqs. (15) respectively. This fact can be explained in terms of the higher release of nitrogen from 376 the organics at these charges, which allows not only the formation of chloramines but also 377 the production of a remaining effluent with high levels of free ammonium. 378
The electrolysis of urea, creatinine and uric acid can lead to the formation of other 379
intermediates that can be even more hazardous. Some of the most harmful organic 380 intermediate compounds which can be formed during the electrochemical disinfection in 381 presence of free chlorine are THMs. These are generated by the reaction between 382 hypochlorite and the organic matter contained in wastewater. The main THMs established 383 by WHO are CH3Cl, CHBrCl2, CHBr2Cl and CH3Br. Therefore, the concentration of 384 these compounds was monitored during the process and results show that only chloroform 385 (CH3Cl) was generated, finding a maximum concentration of 0.036 μg dm was null for this current density. This suggests that THMs are not persistent during the 389 disinfection of synthetic urine with diamond electrodes at low current densities. Likewise, 390 the concentration of this compound was also null for the current densities within the range 391 10-100 A m -2 . 392
Furthermore, it is necessary to control all the organic matter present in the system. For 393 that, the total organic carbon (TOC) was also measured during the process. This parameter 394 informs about the complete mineralization of the organic matter contained in the effluent. 395 The maximum TOC concentration removed was around 25 % for current densities lower 405 than 50 A m -2 whereas 50 % removal was attained when applying 100 A m -2 . Therefore, 406 it is not possible to achieve a complete mineralization of the organic matter contained in 407 the effluent with the electrolysis charges applied. The trend observed in TOC is similar 408 to the shown for urea concentration (Figure 4a ) and this is easily explained taking into 409 account that urea is the primary organic in urine and hence it is the main species that 410 contributes to the TOC concentration. Finally, TOC data suggest that an increase in the 411 applied electric charge at these current densities could lead to a complete removal of the 412 organic matter. To check this, the electrochemical disinfection of a synthetic urine was 413 carried out at the two different current densities previously used: 10 and 100 A m -2 . After 414 30 kAh m -3 of electric charge passed, the removal of microorganisms (data not shown) 415 attained was similar to than observed in Figure 1 . Regarding organics, Figure 7 shows the 416 maximum removal of TOC with the applied electric charge. As it can be observed, more 417 than 90 % of mineralization can be attained when the electrolysis is run during long time 418 
